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(54) FLUOROCARBON POLYMER COATING COMPOSITION 

(71) We, DAI KIN KOGYO COMPANY LIMITED. A Japanese body corporate of 
Sin-hankyu Building. No 8. Umeda. Kita-ku. Osaka-shi. Osaka-fu. Japan, do hereby 
declare the invention, for which we pray that a patent may be granted to us. and the method 
by which it is to be performed, to be particularly described in and by the following 
statement:- 5 
This invention relates to fluorocarbon polymer coating compositions. 
Desirable properties possessed by fluorocarbon polymers, such as low coefficient of 
friction, non-tackiness and high resistance to chemicals and heat, have led to the application 
of these polymers in a wide variety of fields such as for domestic uses (as in coating irons, 
frying pans. etc), in the food industry, in the electric industry, in the machine industry and 10 
elsewhere. However, because of the inherent nature of non-tackiness, the fluorocarbon 
polymers are generally poor in adhesion to other materials. Thus, it is difficult to coat 
substrates with such polymers and obtain sufficient adhesion therebetween. 

In an effort to overcome this difficulty, several methods have been proposed employing 
polyarylene -sulphide resins (hereinafter referred to simply as PAS), tvpical of which is 15 
polyphenylene sulphide. / — g j ^ nerematter referred to simply as PPS) on 

account of their high resistance to heat and high affinity for fluorocarbon polymers. For 20 
example, in Japanese patent publication No 31813/1976. there is proposed a method in 
which a polyphenylene sulphide resin is sprayed oveY a blasted metal surface and baked to 
form, in 5/7//. an undercoat layer on which a fluorocarbon polymer topcoat is to be formed. 
It has also been proposed, in Japanese patent publication No 12053/1970 and German 
Offenlegungsschrift No 2.152.770. to employ primer compositions containing PPS and a ?5 
fluorocarbon resin as principal components for applying a fluorocarbon polymer topcoat on 
the primer coat derived from the composition. 

Neither of these proposals may be regarded as wholly satisfactory in our view. 

Thus, a primer coat consisting essentially of PPS has. so we find, a poor hardness at 
elevated temperatures (e.g.. a pencil hardness test result at ISO - 2()0°C of 2B or worse) 30 
though it exhibits good hardness at normal temperature (pencil hardness of 4H to 5H). 
Therefore, an article having such primer and a topcoat is liable to be scratched when hot. 

We have found that in combinations of PPS with a fluorocarbon polymer, a satisfactory 
fluorocarbon polymer concentration cannot be obtained. When a composition consisting 
essentially of PPS admixed with a fluorocarbon polymer is used in a one-coat system, the 35 
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?o^? r !l 0n P°'y ,ner comem s . h ould be in the range of up to 20% bv weight In such low 

nXmer When" ..eh"™ 8 °° d T " enc * pr ° pcrt,CS inherent ' to *e fluorocarbon 

Find ihat'^MffirC n J »Hh ORipc t lt,on 15 us u ed as a P"mer composition, on the other hand we 
5 . ohST T?"' 0 " bet K ee ?- the u Pnmer COat and its fl^rocarbon polymer topcoat 

fl„«rl^ k 6 . ° im P rove bonding between the primer coat and its substrate the 5 
fluorocarbon polymer content is preferred to be as low as possible This in turn is 

Fnrlh? 1 ' h K Vmg re n gard l ° l he bond between the P«» ner coat and topcoat ' 
Further, when a fluorocarbon polymer admixed with PPS is used as a coating 
10 fT.P° S,t,0n u for a one-coat system, we have found that the resulting coat tends to lose Ft! 

^n acLSce Peri ° d ° f Servke beC3USe of its P° or ab ™ ^stance , 0 

In accordance with the present invention, we provide a coating composition comorisino a 

, P e°.SS e f e Sl " ph ! de r ^ in - a ""^carbon polymer and at least IneTmfdo ^ 
selected from polyamideimide resins and polyimide resins 8 

15 h,™ f b . j" Ch c° m P ositi ? ns having a relatively small fluorocarbon polymer content have 

b P .*TiwK n . d USefu ', 35 Pnmer impositions, while certain such compositions having a 15 
relatively large polymer content may be used in a one-coat system g 5 

composition"" 0 " t0 art ' C ' eS ° 0ated with an above-described coating 

20 a ° ther featu / e s and advantages of the invention will become apparent from the detailed 
M description of the invention by way of example, which follows ^tailed 
1n r,2 be sulphide resins (PAS) are polymers having the recurring unit of an arvl group 
and sulphur or recurring unit composed of an aryl grouplnd a group containing sulphur and 

SnTNo h T3S^°^ ry e he e H Sl ' lphide r f n V ar ,f P a "^rly bribed in Sfd States 
25 r "1 , •! 412 - 9 J - the . ^closure of which is hcrebv incorporated by reference 

Both polyamidcim.de res.ns (herc.nafter referred to simply as PAI) and polvimidc resins 25 

PArkc?^^^ k T P - y a t PI u } arC P0 '- Vmers havin g relativelv h '? h reSn™ to heat 
thiJjnf 5 h if d by ha !! ng b ° th an am,do radical and an imido radical in a molecule 
f - hv ? " ^ P re Pp red - to ' example, by interaction of an aromatic diamine having an 
30 a ° r ,r d ! Cal ' V h K e molecule thereof and an aromatic tetravalent carboxvlic acid such as 
M pyromehmc acid by interaction of an aromatic tri valent carboxvhc acid such as trimellitic 30 
anhydride and a diamine such as 4.4'-diaminodiphenyl ether, and bv interaction o f a dibas c 
acid having an aromatic imido ring in the molecule thereof and a diamine PI is a high 

Sfernc ,nn We ^ hl P ° ,ym , f ha ? ng ^ hnk ^ es in the molecule th ^ and obtained bv 
.interaction, for example, of an aromatic tetravalent carboxvlic anhvdride such as 

ESS PAI SPpi dC 311 aromatiC diamine such as diaminodiphenvV ether Anv 35 
Known FAI and PI can be suitablv used. ' - 

„rI«n! ra ' iVe ° f ' he tluorocarbor ' polymers we have found useful in the practice of the 
present invention are polvtetrafluoroethylene: copolymers of tetrafluoroethvlene and 

40 fROCFCF TO hfri chlo ; o ' r ifl"oroethylene. Vrrluoroalkvltrifluorov?nvl ether 

f- } a " d ,ne ' ,ke: po ychlorotrifluoroethylene and mixtures thereof. The fluoro- 40 
bv a° em^isurnnlvn,^ ^ f ° rm s "ch as powder, an aqueous dispersion ob amed 

now LrT in Po'ymenzat.on a dispersion obtained by dispersing fluorocarbon polvmer 

4 . or£no^^ " n ° rgan ° S01 ° f rbon polymers . P or an 

. dispersio'lTn ^qWJm* °" C ° mp ° Siti ° nS are SUll!iblv ble » d * d " *e form of a 45 

thf ™n™ ^presence of PAPand/or PI in the composition makes it pos SI ble to increase 
nrL. ? a,, °" ° f ""orocarbon polymer, the composition mav exhibit the excellem 

50 ^°P er,ies ,nher cnt to the fluorocarbon polymer and. therefore, mav be used as a Ke 

R,r ihH " one coa, f s > SICnl which ^q^res no further coat thereover, as Wei as a primer coat 50 
Further. ,n specific examples the coat obtained has been found to show an exCeS 
abras.on resistance and high hardness at high temperatures excellent 
It is preferred that the weight ratio of PAI and/or PI to PAS be in the ran»e of 5, 1 to 1,50 

55 fit m ° re P rete rably in the range of 3/1 to 1/40. An excess PAI and/or PI content will lower 

ffiS? lower S' ;mCC °,' g«««»P«ition. while too small a content will produce a coa 55 
n c nmg lower hardness at high temperatures. 

The ratio by weight of fluorocarbon polymer to the total of PAS and PAI andor PI is 

VI u> l^nwh^ PrCt 7 ab!> in thC of 5/1 t0 1/1 in the case of one-coat «i?m and 

60 !l P r| mer coat. 

inZ? "" P .l° y % :,dncsion ^tween a topcoat and a primer coat, it would be desirable to 60 
increase he fluorocarbon polymer content in the primer composition. Howeve excess 
co „;Vi, 0 " C r ncemrj «' on in 'urn. result in insufficient adhesion between the prime 
coat and as substrate. Thus, proper selection of the fluorocarbon polvmer content should 
6^ b .f d<? ncco « l,n S »° ,he «vpc of coated article to be produced. For a one-coat system too 

the fluorocarbon polymer content should be chosen with due consideration of the adhcKfn 65 
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between the substrate and the one-coat, and the abrasion resistance and hardness of the 
one-coat. 

The coating composition may include various conventionally used additives. Typical 
additive is a surface active agent which serves to improve the stability of the dispersion of 
5 the resin components and additives, and the levelling effect of the coat. 5 
Illustrative of the surface active agents are anionic surface active agents such as fatty 
acids, sulphuric acid esters of higher alcohols, alkylbenzenesulphonic acids, alkylnaph- 
thalene sulphonic acids, polynaphthalenesulphonic acid, dialkylsulphosuccinic acids and 
their salts, alkylphosphoric acids and their salts, fluoroalkyl-containing carboxylic, 

10 sulphonic and phosphoric acids and their salts or esters; non-ionic surface active agents such 10 
as polyoxyethylene alkyl ethers, polyoxyethylene alkylphenyl ethers, polyoxyethylene acryl 
ethers, sorbitan fatty acid esters, polyoxyethylenepolyoxypropylene condensation pro- 
ducts, etc. These surface active agents may be employed singly or in combination. 
As another additive, the coating composition may contain a pigment which is stable 

15 under baking conditions of the coat, e.g. oxides of titanium and iron, carbon powder. 15 
To the coating composition may further be added a viscosity controlling agent; a binder 
such as methylcellulose, ethylcellulose, poly(ct-mesitylene), an oil or wax of a chlorotetraf- 
luoroethylene telomer, a fluorinated polyether, talc, mica; a levelling agent such as a 
fluoroalkylcarboxylic acid, a sulphonic acid salt; a film hardner such as a metal particulate, 

20 silica, a silane coupling agent, ceramic powder; and a wetting agent such as organic 20 
solvents, for example, polyhydroxy alcohols and their esters. 

The coating composition is prepared by homogeneously dispersing or dissolving the 
above-described three kinds of resins and, if desired the above-described additives in a 
liquid carrier, preparation methods of which would be within the level of ordinary skill. 

25 pps which is generally available as powder, is preferably finely pulverized so as to 25 
produce a homogeneous dispersion. PAI and PI are available as powder, organic solutions 
or dispersions, any of which is suitably employed as it is, in the preparation of the coating 
compositions. It will be noted that in order to ensure formation of a uniform film of the 
resin composition, it is preferred that the liquid carrier comprise a solvent capable of 

30 dissolving the PAI and/or PI at least under film-forming conditions, i.e. a solvent capable of 30 
dissolving PAI and/or PI at normal temperature or up to its boiling point. Examples of such 
solvents include N-methylpyrrolidone, cresol, phenol, naptha, dimethylformamide, 
dimethylacctoamide, benzonitrile, mcthylglycol acetate, methyl ethyl ketone, 2- 
nitropropane, ethylglycol acetate, ethyl acetate, xylene, toluene, methyl isobutyl ketone, 

35 and mixtures thereof including, for example, mixtures of N-methylpyrrolidone and toluene, 35 
ethyl acetate, butyl glycol, dioxane, etc. 

Fluorocarbon polymers are generally available as powder, aqueous dispersions or 
organosols, any of which is suited for the preparation of the coating compositions. 
When a fluorocarbon polymer in the form of an aqueous dispersion or its concentrated 

40 form is used which is obtained by emulsion polymerization, PAS and PAI. and/or PI are first 40 
dispersed in water with the use of a surface active agent, to which the fluorocarbon 
polymer-containing dispersion is subsequently added, thereby to produce a coating 
composition in the form of an aqueous dispersion. 

In the case of a fluorocarbon polymer in the form of powder, it is admixed with PAS and 

45 PAI and/or PI in water or an organic carrier. In this case, when the PAI and/or PI are in the 45 
form of powder, it is necessary to add to the mixture the above-described solvent capable of 
dissolving the PAI and PI. Moreover, when water is used as the carrier, a surface active 
agent is preferably added to the mixture. In case where organic carrier is used, all the 
components except the fluorocarbon polymer may be first dispersed in the carrier, to which 

50 the fluorocarbon polymer is mixed. 50 
In the case of fluorocarbon polymer in the form of organosols, it is preferably mixed after 
or simultaneous with the mixing of PAS and PAI and/or PI in an organic carrier. In this 
case, it is preferred that the organic carrier be the same as the organic liquid contained in 
the organosols, though it is not essential. 

55 The coating composition can be applied to the substrate, generally a metal substrate in 55 
any of the conventional ways such as spraying, dipping, flow coating and the like. The 
applied composition is then dried and baked in any suitable ways at a temperature sufficient 
to fuse the PAS in the dried coat, generally at about 270 - 42()°C. 

For example, when polytetrafluoroethylene or a copolymer containing mainly tetraf- 

b0 luoroethylene is used, the baking is performed at a temperature of 340 - 400°C. When the 60 
coating composition is employed as a primer coat, coating of a topcoat is also conducted in 
any known way. 

Disadvantages involved in the prior proposals in which PAS is used as a primer for 
coating a fluorocarbon polymer or in which a fluorocarbon polymer is admixed with PAS is 
b5 used as a primer for a fluorocarbon topcoat or as a coat in "a one-coat system, are now 65 
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Repellency test: 
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SsS^k y th < e .P rov,s,on ° f specific embodiments of coating composition in accordance 
TSJmF**** mventlon - fi y the use of p AS in conjunction with PAI and/or PI, the coat 
derived trom the coating composition can exhibit excellent hardness at usual cookware 
heating temperature, i.e. around 200X. Further, the baking temperature of the coating 
5 composition can be increased to 370 to 390°C, at which temperature exceHent adhes on 
between the coat and its substrate is established exceiiem aanesion 

fJ^lnd°^S^! n !. t ^ eX,lmp ^ Wil ! furth l r iHuStrate the P resent in^ntion, in which 
parts and percentages are by weight unless otherwise defined. 

10 Example 1 

1st Component PPS powder (sold by Phillips Petroleum Company, U.S.A. under 
trademark of "Ryton V-l"), finely pulverized to have mean particle size 

2nd Component PAI aqueous dispersion obtained by mixing and pulverizing, by means of 
a colloid mill 700 parts of PAI (sold by Rhone-Poulenc, France, under 
trademark of ."Rhodeftal R-200" and being a N-methylpyrrolidone 
solution containing 30% resin component) and 300 parts of water 
deionized by an ion exchanger 

3rd Component Aqueous dispersion containing 60% polytetrafluoroethylene polymer 

4th Component Aqueous dispersion of titanium oxide, obtained by mixing and pulveriz- 
ing 60 1 parts of titanium oxide, 120 parts of deionized water and 30 parts 
of sodium lauryl sulphate by a ball mill 

5th Component 2% carboxymethylcellulose solution 

form*/.?!.-? 6 com P? ne "ts as set forth above, eight coating compositions having different 
formulations as indicated m Table 1 were prepared by mixing with a high speetTmixer for 

vt „ L f °/ C ° mpOSit ° nS ^ applied ' ^ S P ra y' n e- on, ° a " aluminium pla°e 
F^h , , SU ' faCe u S ° 3S t ^ g,Ve 3 f,lm havin S a ^'ckness, after baking, of 20 to 25u 

Each ot the plates was then dried and baked at 370°C in an electric oven for 20 minutes' 

Thl er ,f°. " S u TOOm tem P erature .< each coated plate was subjected to the following tests' 35 
The test results were as summarized in Table 1. B 

Pencil hardness test: in accordance with Japanese Industrial Standard K-6894 

Brine spray test: in accordance with Japanese Industrial Standard Z-2371 40 

0.04 % aqueous perfluoroctanoic acid ammonium salt solution and 
n-hexadecane were each applied bv one drop, by means of an 
injection springe, on a horizontally placed coated plate. The plate 
was then slanted at 45 degree to observe the manner of the flow of 45 
the solution and n-hexadecane on the plate and the flow traces 
thereof left on the plate. On the basis of the observation the 
repellency property of the plate was determined. 

Example 2 

1st Component PPS powder (same sample as used in Example 1) 

2nd Component PAI solution (same 30% N-methylpyrrolidone solution as used in 
Example 1) 

3rd Component Polytetrafluoroethylene organosol (manufactured by Daikin Kogvo Co 
Ltd., Japan) fc - 

4th Component Titanium oxide pigment (manufactured by Ishihara Sangyo Kaisha Ltd., 
J ap<i n ) 

a * Vd" g thC a 4? 0 . v . e -nientioned components, seven dispersions having different formulations 
as shown ,n Table 2 were prepared by mixing with a high speed mixer. To each of The 
dispersions was added an aromatic organic solvent so as to have the viscosity of 200 to 400 65 
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cp, whereby to obtain coating compositions. In the same manner as described in Example 1 , 
aluminium plates coated with each composition were produced, which were then subjected 
to the tests described in Example 1. In this Example, the following test was additionally 
conducted. The test results are shown in Table 2. 
5 Taber abrasion test: Taber abrasion test machine (manufactured by Taber Instrument 5 
Co., U.S.A.) was used. The test was conducted with abrasion ring of cs-17 and a load of 750 
g. After 1000 times rotation, test sample was weighed to calculate the decrease in the 
weight. When the decrease by abrasion is below 40 mg in amount, the test sample is 
determined as having good abrasion resistance. When the decrease not lower than 40 mg, 
10 the test sample is regarded as having poor abrasion resistance. 10 

Example 3 

In this example, the same components as used in Example 2 were employed except for 
the 3rd component; the 3rd component being replaced with finely divided tetraf- 

15 luorocthylene/hexafluoropropylene copolymer having a mean particle size of 50 \i 15 
(manufactured by Daikin Kogyo Co., Ltd., trademark "Neoflon N-20"). Using these 
components, four dispersions having different formulations as shown in Table 3 were 
prepared in the same manner as in Example 2. After controlling the viscosity in the same 
manner as in Example 2, the dispersions were, also in the same manner as in Example 2, 

20 each applied to aluminium plates and, then, baked. The characteristics of the thus obtained 20 
coated aluminium plates were as shown in Table 3. 

Example 4 

In this example, the coating compositions Nos. 3, 4, 6 and 7 of Example 1 were used as 
25 primer compositions and coated on iron plates. Prior to coating, the iron plates were 25 
subjected to sand blast treatments (Emery 100). Each of the coating compositions was 
sprayed on the plate, dried and baked, thereby giving iron plates each having a primer coat 
of 10 - 13 u thickness. The thus primed plates were, then, overlaid with a topcoat as follows. 
A polytetrafluoroethylene topcoat composition (manufactured by Daikin Kogyo Co., Ltd., 
30 trademark 'Tolyflon EK 4108 GY, solid content 41%) was sprayed on each of the primed 30 
plates to give a topcoat film of 15 - 20 u. thick. The plates were then, as in the primer 
coating, dried, baked and cooled to give four kinds of coated plates. These plates were 
subjected to a series of tests, giving the results as shown in Table 4. Adhesion strength was 
determined as follows: 

35 The topcoat ing with the Polyflon EK 4108 GY was repeated 7 times in total. Two parallel 35 
incisions were given to the coat by a knife with an interval of 10 mm. Attaching one end of 
the incised portion to a universal testing machine, that portion was peeled off from the iron 
plate while measuring adhesion strength. 

40 Example 5 40 

1st Component PPS (same sample as used in Example 1) 

2nd Component PAI (same sample as used in Example 1) 
45 45 
3rd Components Polytetrafluoroethylene aqueous dispersion (resin content 60%) 

4th Component Aqueous iron oxide dispersion obtained by mixing and pulverizing 30 
parts of a red iron oxide pigment (manufactured by Titan Kogyo 
50 Company. Japan), 10 parts of a surface active agent (manufacturedby 50 

Rohm and Haas Co., U.S.A.. Trademark Triton X- 100") and 100 parts 
of deionizied water, with the use of a colloid mill. 

^_ 5th Component 3% aqueous methylcellulose solution 

10 parts of the 1st component. 10 parts of the 2nd components, 20 parts of the 3rd, 5 parts of 
the 4th and 55 parts of the 5th component were blended to give an aqueous coating 
composition. An aluminium plate was primed with the coating composition in the same 
manner as in Example 4. Topcoating was performed in the same manner and with the use of 
60 the same topcoat composition as in Example 4. The pencil hardness, brine spray test and 60 
Taber abrasion test revealed that the coated plate had similar properties to those of 
Example 4. Adhesion strength was found to be 2.5 Kg/cm. 

Example 6 

65 Using the same components as used in Example 1 except for the 2nd component, five 65 
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WHAT WE CLAIM 1S:- 

1. A coating composition comprising a polyarylene sulphide resin, a fluorocarbon 
polymer, and at least one imido-containing resin selected from polyamideimide resins and 
polyimide resins. 

5 2. A coating composition according to Claim 1, wherein the fluorocarbon polymer 5 
content is from 5 to 1 parts by weight per one part by weight of the polyarylene sulphide 
resin and the imido-containing resin taken together. 

3. A coating composition according to Claim 1, wherein the fluorocarbon polymer 
content is from 3 to 1/3 parts by weight per one part by weight of the polyarylene sulphide 

10 resin and the imido-containing resin taken together. 10 

4. A coating composition according to any preceding claim, wherein the fluorocarbon 
polymer is selected from homopolymcrs and/or copolymers of tetrafluoroethylene. 

5. A coating composition according to any preceding claim, wherein the weight ratio of 
the polyarylene sulphide resin to the imido-containing resin is in the range from 1:5 to 50: 1 . 

15 6. A coating composition according to any preceding claim wherein the polyarylene 15 
sulphide resin is a poiyphenylene sulphide resin. 

7. An article having a fused coat of a coating composition according to Claim 2 or any 
claim appendent thereto. 

8. An article having a fused coat of a coating composition according to Claim 3 or any 

20 claim appendent thereto, overlaid with a topcoat film of a fluorocarbon polymer. 20 

9. A coating composition according to Claim 1 and substantially as hereinbefore 
described with reference to the Examples. 

10. An article according to Claim 7 or Claim 8, and substantially as hereinbefore 
described with reference to the Examples. 

25 1 1 . An article whenever coated with a composition according to any of Claims 1 to 6 or 25 
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